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Abstract. 2014 We describe the first experimental system used to observe the thermal magnetic fluctuations in a magnetic system at equilibrium. We develop the calculation of the coupling of spontaneous magnetic fluctuations to a measuring system, emphasizing the difference with the classical case of susceptibility measurements. We report the power spectrum of the two spin glasses CdCr1.7In0.3S4 and CsNiFeF6 which exhibit a 1/f dependence in the range 10-2 Hz to 102 Hz. Comparison between this observation and conventional a.c. susceptibility experiments in the same range of frequency supports the applicability of the fluctuation-dissipation theorem for CsNiFeF6.
Revue Phys. Appl. 22 (1987) Electrical noise due to the fluctuations of conduction electrons at thermal equilibrium was observed many years ago [1] . The observation gave rise to the theory of the linear irreversible processes whose first form -the famous Nyquist theorem [2] was generalized later to all linear dissipative systems [3] . This general form is the so called fluctuation dissipation theorem (FDT) [4] . Nevertheless although the FDT states that magnetic fluctuations must exist in real systems, it can be shown easily that they are very difficult to detect experimentally [5] . As a matter of fact, the detection of magnetic fluctuations has been made possible [5] [6] [7] [8] Let ~m03BC(r, t)m03BD(r', t')~ and ~~(t) ~(t')~ be the autocorrelation functions of respectively the magnetization and the flux in the pick up coil. Consequently :
Use of equation (3) where T is the temperature, kB the Boltzman constant and X " is the imaginary part of ~.
In the limit of short range correlations, equation (8) Remember that (where the integration is performed over the whole space outside the coil wire). Thus (8) , (9), (17) Finally, the output voltage is transferred to a 512 channels digital spectrum analyser covering the range 10-2 Hz to 25 kHz. The analysed amplitudes are converted into r.m.s. flux threading the SQUID s(03C9), by means of the voltage/flux transfer ratio of the SQUID which is 8 V/03A60. The measuring pro-cedure is the following : a record of the noise spectrum of the empty system is first performed, then the sample is raised into the gradiometer and the noise spectrum is again recorded. The noise spectrum of the sample is the difference between the spectra with the sample in and out of the coil.
As mentioned above, the pick up coil is a third order cylindrical gradiometer, but whatever the considered loop of this coil, the length of the sample allows to consider the asymptotic value of Fs(039B) as a good approximation. The ratio a/e is estimated to be 8 ± [5] and [6] . This allows us to analyse in more details the behaviour of the out of phase susceptibility X " which can be calculated from equations (15) CsNiFeF6 and x = 0.02 for CdCr1.7In0.3S4. In figure 9 the values of x ", measured in a conventional susceptibility experiment, have also been reported. Within The function h (r ) is given by classical magnetostatics [14] ; in cylindrical coordinates : where and K(k) and E(k) are the complete elliptic integrals of first and second kind [15] .
The filling factors are given by relations (9) and (22) Actually, the problem is the calculation of the filling factor for a real winding and not for an ideal thin ring. However, a perturbative calculation has shown that the correction of the previous results do not exceed 10 %. This is masked by the imprecision in the determination of the experimental self inductance.
